Structural imaging tools can be used to identify neuropathology in post-mortem tissue whereas functional imaging tools including quantitative electroencephalography (QEEG) are thought to be restricted for use in living subjects. We are not aware of any study which has used electrophysiological methods decades after death to infer pathology. We therefore attempted to discriminate between chemically preserved brains which had incurred electrical seizures and those that did not using functional imaging. Our data indicate that modified QEEG technology involving needle electrodes embedded within chemically fixed neural tissue can be used to discriminate pathology. Forty (n = 40) rat brains preserved in ethanol-formalin-acetic acid (EFA) were probed by needle electrodes inserted into the dorsal and ventral components of the left and right cerebral hemispheres. Raw microvolt potentials were converted to spectral power densities within classical electroencephalographic frequency bands (1.5 Hz to 40 Hz). Brain mass differences were shown to scale with left hemispheric ventral theta-band spectral power densities in lithium-pilocarpine seized rats. This relationship was not observed in non-seized rats. A conspicuous absence of pathological indicators within dorsal regions as inferred by microvolt fluctuations was expected given the known localization of post-ictal damage in lithium-pilocarpine seized rats.
Introduction
Post-mortem neuroimaging is currently performed by the use of structural imaging tools such as MRI [1] . These techniques have even been used to image ancient tissues preserved by mummification [2] . Functional neuroimaging tools such as quantitative electroencephalography (QEEG), however, are used exclusively in living subjects. Rouleau and Persinger [3] have recently demonstrated that a modified QEEG technique using needle electrodes and a vascular electrical reference can be used to identify intrinsic laterality of frequency-dependent microvolt fluctuation power in coronal sections of human brain tissue. The experiments also demonstrated that select areas including the parahippocampal gyrus could be "reactivated" by frequency-modulated 2 μV pulsed current applied directly to the brain. These results indicate that post-mortem tissue can be measured by use of functional imaging technologies and that structural-functional relationships can be investigated post-mortem in chemically fixed tissue specimens. Whether or not this method is of any practical consequence with respect to pathological analysis or autopsy can now be considered.
For more than three decades we [4, 5] explored the structural bases of epilepsy as well as the multiple means of chemical-procedures by which seizures could be induced in rats. During that period both quantitative and semi-quantitative measurements of the proportion of neuronal dropout within the approximately 150 Paxinos and Watson structures within the telencephalon and diencephalon of hundreds of rats were documented [6] . Most of the severe neuronal damage occurred within ventral structures that included the pyriform lobe, CA1 of the hippocampus, portions of the amygdala and directly connected thalamic structures.
The mosaics of those proportions of damage were found to be correlated with the animals' subsequent histories of developing spontaneous seizures and unusual behaviours [7] as well as blood chemistry and alterations in specific organ weights [8, 9] . We hypothesized that structural changes at the level of the cerebrum would be paired with quantifiable fluctuations of electric potential differences within the fixed tissue samples. If, as Rouleau and Persinger [3] demonstrated, the normal human brain's regional structure is intimately tied to unique, spatially-specific microvolt potential fluctuations, the pathological rat brains should display an equivalent structural-electrical relationship. Here we present evidence that long after brains have been removed and fixed there are residual, site-specific electrophysiological anomalies that reflect the history of the animals. This novel approach might be considered a technique for first screening of the potential anomaly within a brain before the costly and labour-intense histopathological analyses are pursued.
Methods and materials

Specimens
Forty (n = 40) rat brains (Wistar, albinos), which were extracted within 5 min after death (usually decapitation) and preserved in ethanol-formalin-acetic acid (EFA) at various points over the course of the past 20 years, were utilized for the present study. The brains were sequestered in compliance with ethical standards outlined by Laurentian University's Research Ethics Board. Five (n = 5) were laboratory teaching specimens, and thirty-five (n = 35) were involved in one of 12 experiments supervised by Dr. Michael A. Persinger (primary investigator) and conducted by the Neuroscience Research Group at Laurentian University between 1996 and 2008. Data presented by Michon and Persinger [10] as well as Peredery and colleagues [11] are examples of the primary studies from which the tissue collection protocols were originally approved by the University Research Ethics Board. Of the preserved specimens, eight (n = 8) were known females and nine (n = 9) were known males. Within the full sample, thirteen (n = 13) brains had been extracted from rats in which seizures had been induced by a single system injection of lithium-pilocarpine. Twenty three (n = 23) were not seized and four (n = 4) were excluded from the analysis due to group uncertainty. The brains shared common gross morphology and were structurally unremarkable by visual detection without the assistance of histological tools. Behavioural metrics and identifying characteristics associated with each animal including weight and sex were included as part of the data analysis. Brain wet weights were collected and included as part of the analysis.
Quantitative electroencephalography
A quantitative electroencephalography (QEEG) electrical amplifier (Model 201) by Mitsar was coupled to a series of 5 needle electrodes (probes). Four probes were inserted into the brainstem where the average microvolt value was computed and served as an electrical reference. The fifth probe was inserted directly into 1 of 4 regions of interest which will be discussed in a later section. Measurements were recorded from an HP ENVY laptop computer running Windows 8. WinEEG Article No~e00181 software version 2.93.59 (07.2013) was employed for data collection. Gain was set to 150 μV while low-(1.6 Hz) and high-cut (50 Hz) filters were applied in addition to a notch filter (50 Hz − 70 Hz and 110 Hz − 130 Hz) to exclude electrical artefacts. Each measurements was preceded by a surface clearing of the tissue with 10% EFA to avoid tissue damage and changes of conductivity associated with the electrophysiological measurement device.
Procedure
Brains were probed directly by the modified electrophysiological measurement device (QEEG). A similar procedure has been previously applied to human tissue [3] . Microvolt fluctuations within brains were measured by insertion of 1/3 of the needle probe (6.6 mm) into the dorsal or ventral surface of the left and right hemispheres of the rat cerebrum (Fig. 1) . The dorsal probes were inserted dorsoventrally at equidistance between the rostral-and caudal-most poles of the cerebrum and at its apex on the dorsal surface. Ventral probes are inserted caudorostrally at the caudal-and ventral-most extension of the cerebrum anterior to the cerebellum and inferior to the rhinal fissure which included the pyriform region involving the entorhinal cortices and underlying hippocampal formation. The reference consisted of an average of probes inserted into the spinal cord. If the spinal cord was not spared during extraction from the animal, the medulla or pons served as the reference point and these exceptions were noted within the dataset. Each brain was washed with 10% EFA and measured by QEEG for 40 s. The order of measurements was counterbalanced so that confounding factors of time could be eliminated.
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Results
The results were surprisingly robust and site-specific suggesting minimal contribution from generalized measurement epiphenomena. As expected the weight of the male brains (M = 2.01 g, SEM = 0.02 g) were significantly heavier 
Discussion
The results demonstrate that voltage potential differences obtained from deceased, chemically fixed brains can be used to discriminate between animals which (static) are functionally associated with the resting plasma membrane potential of a neuron [12] . Consequently the shift would be equivalent the integrated loss of ∼10 8 cells. This is the same order of magnitude as the estimated loss of neurons inferred from the brain mass differences between the seized and non-seized rats.
Alternatively, 10 14 charges multiplied by the unit charge (1.6·10 (1 Hz) would be 5.4·10 −5 A. Considering the enhanced conductivity of the fixative (∼10 −1 Ω) the voltage equivalence would be within the microvolt range.
The measurements showed that only the power within theta band was significantly correlated with the weight of the brains if the animals had histories of seizures.
Other QEEG bands did not display this relationship. In addition, the normal, nonseized brains did not display any differential shift in theta power density as a function of brain weight. That brain tissue, specifically grey matter, in mammals may display an intrinsic resonance within the theta range has been suggested by the calculations of Tsang et al. [13] . Employing a LC (impedance-capacitance) formula for these values for grey matter they found that the intrinsic resonance frequency was about 7 Hz. If this frequency band is a material property of brain matter, within nature or fixed environments, then its ubiquitous presence within structures such as the hippocampal formation-entorhinal cortices might be accommodated. It may also explain one possible advantage for gamma ripples to be superimposed upon this fundamental theta rhythm and for the pervasive neocortical connections and influences that originate from the entorhinal cortices.
The occurrence of the brain weight-theta power within the left lower caudal quadrant (pyriform region) for the seized brains would be expected because of the relatively greater proportion of grey matter and hence the greater range of decimation from the progressive consequences of the seizures. Hemispheric asymmetries have been well established for both function and structure. For example Adamec and Morgan [14] found that right hemispheric kindling within the basolateral amygdala increased behaviours consistent with anxiety in rats while left hemispheric kindling of this structure diminished these behaviors. Schubert et al. [15] demonstrated differential effects in plasticity within the rat amygdala and hippocampus following theta pulse stimulation that reflected hemispheric differences. Asymmetrical compromise of the blood brain barrier can be induced by seizures according to Kutlu et al. [16] . The observation by Kawakami et al. [17] that strong asymmetrical distributions of epilson 2 subunits of NMDA receptors that strongly influenced if not determined the differential plasticity between the left and right hippocampus. This might have the capacity to produce subtle changes in intrinsic theta elicitation when activated by specific proton donors such as EFA.
Left ventral cerebral theta power scaled with the mass of seized rat brains where decreases in mass would have been associated with linear decreases in power. This relationship could be relevant to entorhinal-hippocampal connections. Peredery and colleagues [6] reported that neuronal dropout following lithium-pilocarpine seizures in the rat were most evident within CA1 fields of the hippocampus and the piriform cortex in addition to select thalamic regions. The distribution of said structures is skewed toward the ventral half of the cerebrum. The entorhinal cortex, which is localized to the ventral components of the rat cerebrum, is known to both Article No~e00181 project to CA1 fields and generate theta rhythms [18] . Neuronal loss within the CA1 field could have promoted afferent degeneration, resulting in mass-scaled theta power dropout. However, it remains unclear as to why this relationship was only present within the left hemisphere. It may be relevant that we [19] found that the amount of damage within the left dentate gyrus was the driving factor for the numbers of spontaneous monthly seizures subsequent to induction of lithiumpilocarpine epilepsy.
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